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Background
Tako-Tsubo cardiomyopathy (TTC) is a recent clinical entity, mimicking an acute coronary syndrome (ACS) [1] [2] [3] [4] . It is defined as a transient left ventricular (LV) systolic dysfunction, found mainly after a stressful event [2] . Regional wall-motion abnormalities extend beyond a single epicardial vascular distribution and are different from the dysfunction found in patients with coronary artery disease [5] . The classic apical pattern of TTC is characterized by akinesia of the mid and apical segments of all walls, with visual hyperkinesia of the base, resembling a traditional Japanese octopus trap, or ''Tako-Tsubo'', with a round bottom and narrow neck.
Partial and circular patterns of TTC, sparing the apical LV segments, have been described recently [2, [6] [7] [8] [9] . Because of this atypical LV pattern, the diagnosis of an apical-sparing variant of TTC may be difficult to make, leading to misdiagnosis. The aim of this study was to assess the prevalence and characteristics of apical-sparing TTC.
Methods
From January 2000 to April 2009, we reviewed in our database all patients referred to our catheterization laboratory for a suspected ACS (n = 2893). The catchment area of the hospital covered part of the Hauts-de-Seine Department (Boulogne, Chaville, Garches, Marnes-la-Coquette, Meudon, Saint-Cloud, Sèvres, Vaucresson, Ville-d'Avray), corresponding to a population of around 300,000 subjects. Criteria for selection included age 18 years and over and presentation with a suspected ACS. All patients underwent coronary angiography and LV angiography systematically if no significant coronary lesions were found, within 48 hours of symptom onset. Ventricular angiograms were used to calculate LV ejection fraction (LVEF) and detect wall-motion abnormalities. Patients with known renal failure, defined as creatinine clearance less than 30 mL/min, did not have an LV angiogram; LV characteristics were assessed systematically by transthoracic echocardiography.
Tako-Tsubo cardiomyopathy was defined as: acute chest pain associated with ST-segment abnormalities and/or increased serum troponin level; transient LV systolic dysfunction; and no significant coronary lesions [10] . From 2004, the diagnosis of TTC was performed prospectively. LV systolic dysfunction in TTC was defined as regional wallmotion abnormalities extending beyond a single epicardial coronary distribution. We identified two patterns of TTC: classic TTC, defined as akinesia of the mid and apical segments of all walls, with visual hyperkinesia of the base; and an apical-sparing variant, defined as akinesia of the basal and mid segments of all walls or limited akinesia of the mid segments of all LV walls (Fig. 1) [8] . Electrocardiogram and laboratory markers (plasma creatinine kinase and troponin I) were assessed systematically in all patients. Treatment was left to the discretion of the physician.
Statistical analysis
Statistical analysis was performed using StatView version 4.5 (Abacus Concepts Inc., Cary, NC, USA). Continuous variables are presented as means ± standard deviations and categorical data as absolute values and percentages. Continuous and categorical variables were compared using Fisher's exact test or an unpaired t test. A p-value < 0.05 was considered significant.
Results

Population characteristics
Among 2893 patients presenting with a suspected ACS, 38 had confirmed TTC, with a prevalence of 1.3%. The mean age of patients with TTC was 70 ± 13 years. Twenty-nine patients had the classic apical pattern of TTC, whereas nine had the apical-sparing variant. Thus, the prevalence of apicalsparing TTC was 24% of all patients with TTC and 0.31% of patients with a suspected ACS.
The characteristics of patients with classic and apicalsparing TTC are presented in Table 1 . Surgical or disease-related stress was found more frequently among patients with apical-sparing TTC (p = 0.02). The mean peaks of plasma creatinine kinase and troponin I were 324 ± 258 IU/L and 6.5 ± 6.5 g/L, respectively. Mean LVEF was 38 ± 8% among all patients with TTC. At admission, mean LVEF was significantly higher in patients with apical-sparing TTC (p = 0.01). Patients with classic TTC were significantly older (p = 0.01). At admission, mean heart rate, mean New York Heart Association functional class and mean plasma Bnatriuretic peptide concentration were significantly higher in patients with classic TTC (p = 0.04, p = 0.002 and p = 0.04, respectively).
Follow-up
One (2.6%) patient with the TTC variant died during hospitalization. Echocardiography was available at 1 month for all patients and at 1 year for 71% of patients (Fig. 2) . LVEF had improved significantly at day 7 (50 ± 7%, p < 0.0001), after 1 month (62 ± 7%, p < 0.0001 compared with day 7) and after 1 year (67 ± 4%, p = 0.0007 compared with 1-month follow-up).
At day 7, in patients with apical-sparing TTC, mean LVEF was significantly higher than in patients with classic TTC (55 ± 6% vs 48 ± 6%, p = 0.04). At 1-month and 1-year followup, no significant difference in LVEF was observed between the two patterns of TTC (p = 0.60 and p = 0.46, respectively). At 1 year, recovery of LV systolic function was complete in all patients, irrespective of TTC pattern. 
Discussion
The apical-sparing variant of TTC has been reported recently and is characterized by an atypical LV pattern of which physicians should be aware. The main finding of the current study is that this variant occurs frequently, with a prevalence of 24% among all LV patterns of TTC. Stress cardiomyopathy is defined as transient LV systolic dysfunction, which can be assessed by LV angiography, echocardiography or cardiac magnetic resonance [1] [2] [3] [4] 11] ; it has been called TTC because of the classic apical pattern of the left ventricle during the acute phase. Indeed, akinesia of the mid and apical segments of all LV walls, with visual hyperkinesia of the base, produce a pattern of apical ballooning, hence the name 'Tako-Tsubo'. However, recent reports have described partial and circular patterns, sparing the apical LV segments [7] [8] [9] . The LV characteristics are different from the usual and well-known LV pattern of TTC [12] , and these apical-sparing variants may lead to misdiagnosis of TTC. In our series of patients with TTC, the prevalence of the variant was 24%, highlighting that, in a population of patients with TTC, the apical-sparing variant occurs frequently and should be recognized. However, characteristics of this partial pattern of TTC are different from the classical pattern of TTC. In the first report of midventricular TTC, the mean age was 52.5 ± 13 years, whereas according to the review by Pilgrim et al., the mean age of all patients with TTC was around 68 years [1, 13] . We reported recently the case of a woman who presented two different patterns of TTC, with similar clinical and electrocardiogram features [14] : the first was a partial TTC at 52 years of age, whereas the second was classic apical TTC that occurred 11 years later. In the present study, the mean age of patients with the apical-sparing variant was 11 years lower than the mean age of patients with classic TTC (p = 0.01), suggesting that age could affect the pattern of TTC. A difference of 12 years between the two patterns of TTC has also been reported in a recent study [6] ; the authors reported that arterial hypertension was present more frequently in patients with classic TTC (58% vs 13%, p = 0.004) [6] , whereas in our study, only a tendency towards an increased prevalence of hypertension was found (62% vs 33% in patients with the variant). Furthermore, in our study, the type of stress could modify the pattern of LV dysfunction in TTC. In fact, patients with apical-sparing TTC had surgical or disease-related stress more frequently (p = 0.02), whereas no significant difference was observed between the two patterns of TTC with regard to emotional or physical stress (p = 0.13). We reviewed the data presented in the study by Hahn et al. [6] , which allowed us to determine that surgical or disease-related stress was also reported in 63% of patients with apical-sparing TTC.
Several hypotheses have been proposed regarding the pathogenesis of TTC and, at present, the main theory seems to be catecholamine excess [1, 2, 4, [15] [16] [17] [18] [19] . LV systolic dysfunction during the acute phase of TTC extends beyond a single epicardial vascular distribution, whatever the pattern of TTC [5] . Thus, the systolic dysfunction seen in TTC is circular, as demonstrated in a previous study using echocardiographic vector velocity imaging, and is different to the systolic dysfunction seen in patients with coronary artery disease [5] . In the acute phase, wall-motion abnormalities observed in apical-sparing TTC and in classic TTC are different. In the variant, LV systolic dysfunction is localized mainly in all middle segments, whereas in classic TTC, all middle and apical segments are affected, explaining why, in our study, the LVEF in patients with the variant was significantly higher than the LVEF in patients with classic TTC (p = 0.01). Interestingly, in the first days after the onset of the cardiomyopathy, patients with apical sparing TTC also presented fewer signs of heart failure. But, once the acute phase had passed, recovery was similar, whatever the pattern of TTC.
The main limitation of this study is the small number of patients with TTC. TTC is a recent cardiomyopathy [20] , with a low prevalence in the global population. However, knowledge of this new cardiomyopathy is important for its management.
Conclusion
In the present study, the prevalence of the apical-sparing variant of TTC was 24%. Several differences were seen between the two different patterns of TTC: patients with the variant were younger and presented fewer signs of heart failure. At admission and at day 7, LVEF was also higher in this specific population of TTC, but once the acute phase had passed, the recovery of LV systolic function was similar, whatever the pattern of TTC.
